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"Garbage" In, "Refuse and Refuse Disposal" Out 97 are based on left-anchored string searching, while keyword searches are generally based on words within a subject, title, or elsewhere in the bibliographic record (Yee and Layne 1998) . Moreover, the average user does not understand that subject searches are based on controlled vocabulary used in the bibliographic record (for instance, LCSH) and represented in an authority file (Markey 1988; Cherry 1992; Drabenstott 1998; Smith 1991) . Greenberg (1997) notes the failure of most OPACs even to refer to LCSH as the source of subject headings. Matthews (1997) identifies that even a keyword search of LCSH authorized headings (excluding cross references) will retrieve records only about 50% of the time.
In the typical online catalog, the distinction between keyword and controlled vocabulary subject searching, although present, is almost completely opaque to the user. Whether OPAC users actually choose "keyword" or "subject" as their search mode, the plain fact is that both end up being natural language searches in the absence of any guidance concerning the subject heading structure. If the term entered in a subject search happens to be the first word of the authorized form, then the user will likely find relevant citations. If the term entered in a subject search also happens to be the first word of a cross reference in a catalog that displays cross references, then the user will also be correctly directed. However, if the term entered in a subject search is a word within a subject heading or cross reference, then the user misses the authority control structure of the catalog.
How can we improve users' success in subject searching? One plan of attack would be to enrich the MARC bibliographic record, which is intellectually impoverished at best: it contains a very limited amount of conceptual and terminological variation upon which a search engine can operate (Drabenstott and Vizine-Goetz 1994) . One method for enrichment would be to add more subject headings or improve subject analysis (Smith 1991; Drabenstott and Vizine-Goetz 1994) , but this is not common nor often perceived as important-and would certainly be very time consuming. Nor does this approach solve the problem of user failure to understand controlled vocabulary.
Another method of enrichment would be adding tables of contents to the bibliographic record-in effect adding more keywords (Bodoff and Kambil 1998) . But this method does not direct the user toward controlled vocabulary. One way around this lack would be to add keywords as cross references in the authority record (Micco 1991; Rada et al. 1988 ). However, since most catalogs do not use the authority record in keyword searches, this strategy would be of help only in a subject phrase search. Greenberg (1997, 112) notes, "Despite the popularity of [keyword searching], there has been little effort to link keyword searching to OPAC reference structures."
Users are frequently taught in online instruction classes to try a word search first; locate a relevant citation; examine the subject headings associated with the item; and then either do a new search with the relevant subject or, if the catalog allows it, request a further search by related items (Marner 1993; Greenberg 1997; Aanonson 1987) . Many librarians also use this approach. However, the average user of keyword searching rarely has the patience to wade through the retrieval set to actually perform the second, relevant search. Hildreth notes that users do not understand why keyword searches fail; we either need to train users better or improve our retrieval systems. The latter approach is preferable because "there will always be fewer systems to improve than users to instruct" (1997, 61) . Borgman (1996, 501) concludes, "Most end users of online catalogs are perpetual novices who lack the requisite conceptual knowledge for searching. They need assistance in the translation process, whether provided by the system itself, by instruction in using the system, or by a search intermediary."
Hildreth's second approach to improving users' success would be to enhance systems rather than enrich records. Drabenstott and Weller (1995; 1996) have suggested a solution: use search trees to improve retrieval by subject. One of the suggestions includes "requiring the system to check whether keyword searches on user-entered queries that match cross references retrieve additional titles and enable/disable the 'expand search' option based on this system check" (1996, 535) . Although this method uses the cross references in a keyword search, it is unclear if the intent is to search cross references as free text or as phrase searches. Micco suggests a system that "takes uncontrolled terms from wherever possible in the MARC record . . . and links these terms to the controlled vocabulary of the primary LCSH heading assigned to that work" (Basista, Micco, Rambler 1991, 89 ). It appears that this approach would use the established heading but not make use of cross references.
Libraries have long recognized the necessity of an online authority file, containing not only the authorized term but cross references directing the user to the correct term. Libraries are committing substantial staff time and dollars to maintaining and improving authority files. Meanwhile, these very authority files and the benefits they provide are often lost to the users of keyword searching. Because, for the most part, keyword searches are based on terms found in the bibliographic record only, these searches completely miss the cross references built into the authority file. It is worth repeating that the two methods of subject searching-subject term and keyword-are only joined together through the bibliographic record. The authority file is missed in the keyword search completely and the subject phrase search is only useful if the term used is the first word of the cross reference or the authorized form. What if keyword searches searched cross references (4xx fields) in the authority record first and returned the related bibliographic records?
Demonstration of Keyword Searching through the Authority File

Method
For the purposes of demonstration, I sought a cross-reference term in LCSH that did not contain any of the words that were part of the authorized term (in order to avoid search results based on the occurrence of the word in the authorized subject heading). The term "garbage," which is a cross reference to the term "refuse and refuse disposal" (and also "organic wastes"), turned out to be an excellent example. I performed the test searches in two large Geac ADVANCE catalog systems: University at Albany, State University of New York (UAlbany) and New York University (NYU). At the time of this investigation, the two libraries had chosen different options in the Geac ADVANCE indexing structure. At UAlbany, keyword searches were automatically submitted to the authority file, returning not only words within a bibliographic record but also words within a cross reference. NYU had chosen the most common keyword indexing option, namely one that does not send keyword queries to the cross-reference structure. Figure 1 shows how the Library of Congress Subject Authority record for "refuse and refuse disposal," is displayed in the UAlbany catalog. The term searched, "garbage," which is a MARC tag 450 or cross reference in the authority record, is bold-faced.
The UAlbany system permits separate keyword searches by title, author, subject, series, notes, and words in all fields. For this study, I searched by both subject word and keyword (all fields). A subject-word query searches the authority file, not only finding the term as the first element of an authorized form or cross reference, but also as a term within an authorized form or a cross reference. A keyword (all fields) query not only searches the authority file in the same manner, but also searches each bibliographic record by title, author, series, and notes.
Three different searches on "garbage" made up this study: subject, subject word, and keyword. The subject query (s=garbage) is a left-anchored phrase search, accessing the bibliographic records through the authority file. The subject-word query (sw=garbage) searches the authority file for the term within an authorized heading or a cross reference. The keyword query (w=garbage) searches the authority file in the same manner as the subject word query and in addition searches bibliographic records for the term within other fields, including title and notes. In most OPACs, these last two queries would only search the bibliographic record; in UAlbany's OPAC, the word search is sent to the authority file for words in headings or cross references. (s=garbage) ). In both OPACs, the user who enters "garbage" as a subject search will be directed to use "organic wastes" or "refuse and refuse disposal" (as well as other terms starting with "refuse").
Results
A subject search in Geac
Of 51 records for "refuse and refuse disposal" at UAlbany ( figure 2A) , only one title, Garbage as you like it, had the word "garbage" in the bibliographic record. Of the 17 records for "refuse as fuel," one record for "organic wastes," and two records for "refuse collection", none had the word "garbage" in the bibliographic record. This means that in the most common keyword search (that is, one that does not send the keyword to the cross-reference structure), only one of these 71 records would be returned.
Of 41 records for "refuse and refuse disposal" in the NYU catalog (figure 2B), only two had "garbage" in the bibliographic record. Of eight records for "refuse as fuel", two records for "refuse collection," and one record for "rag pickers," none had the word "garbage" in the bibliographic record. This means that in an ordinary keyword search, only two of these 52 records would be returned. I next searched "garbage" as a subject word in both catalogs. In most catalogs, including NYU, this search will only look for the word within a subject heading used in a bibliographic record. But at UAlbany, this search also looks for the word within an authorized heading or cross reference. Figure 3A (UAlbany), shows an authority index screen from the public OPAC, similar to that produced by the subject search, but including only entries with "garbage" as a word (i.e., it does not present the authority file in the alphabetical neighborhood of "garbage" as the first word). This search returns the same records as the first for those headings and cross references beginning with "garbage," but additionally returns the cross reference "medical garbage see medical wastes," because "garbage" is a term within this cross reference, and also returns the cross reference for "University at Arizona Garbage Project." The "medical wastes" bibliographic records did not contain the term "garbage" anywhere. If this query had searched the bibliographic record only, then only the "garbage collection (Computer science)" and "Garbage Project (University of Arizona)" records would have been returned, because these are the only records with "garbage" in a subject heading. Figure 3B (NYU) represents a traditional subject-word query, which searches for a keyword within the subject headings of the bibliographic record only (i.e., not incorporating the authority file or its cross references). The user is pre-sented with a browse screen of titles, all of which have "garbage" in a subject heading. Of these six, three are for "garbage can models of decision making," one is for "Garbage Project (University of Arizona)," one is for "garbage collection (Computer science)," and one is for "Memphis (Tenn.)-Garbage strike 1968." In addition to retrieving far fewer records than the UAlbany "sw=garbage" search, this query yields what might fairly be called low precision as well.
Finally, I searched the term "garbage" as a keyword, resulting in 113 records at UAlbany and 74 records at NYU. The browse screen for both results is an undifferentiated list of bibliographic records with no indication of where the term appeared. The word search at UAlbany implicitly searches the authority file with its cross references and also the bibliographic file; the same search at NYU searches only bibliographic records.
In figure 4A (UAlbany) , all of the records in the first two searches (subject and subject word) are returned in this search, as well as all records with "garbage" somewhere in the bibliographic record beyond the subject fields. Because there is no indication that cross references are being searched, users may be confused as to why they actually retrieved some of the records in response to the search. As noted above, in discussion of the subject search and subject-word search, 71 of the 113 records do not have the term "garbage" anywhere in the record. Of the remaining 2A . (UAlbany) Online Catalog-Heading Browse 42 records returned, 14 have "refuse and refuse disposal-<subdivision>" as a subject heading and seven have what could be considered related headings of "marine waste" or "environmental engineering." Therefore, if this search had operated as a bibliographic keyword search, only 42 titles would have been returned, 21 having nothing to do with waste management at all. Literary titles, song titles, and descriptive notes make up the remainder of the results of this search.
In figure 4B (NYU) , there is a return that appears similar to the UAlbany search, but does not include titles that would have been returned from cross references. Of 74 titles returned, only 19 had "refuse and refuse disposal-<subdivision>" as a subject heading; seven had a related environmental heading; six were the same as in the subject word search. This left 42 titles (more than 50%) that were totally unrelated to waste products. NYU has a much larger collection of popular song recordings than UAlbany, resulting in a higher number of unrelated titles. Certainly a user presented with these results would be hard put to find an appropriate record, find the correct subject heading, and then resume the search.
Summary and Conclusions
Subject searching in most OPACs remains problematic because users rarely know the difference between "keyword" and "subject" searching. They have little conception of controlled vocabulary except when stumbling over a cross reference in a phrase search. Hence, most OPAC queries turn out to be no better than keyword searches. Unlike the UAlbany catalog, most OPACs do not even take advantage of the authority file in keyword searches. That is, [See] Refuse collection vehicles (LCSH) 0 13. Garbagemen 14.
[See] Refuse collectors (LCSH) 0 Figure 2B . (NYU) Online Catalog-Heading Browse they do not return bibliographic records having the search term in any of the fields, nor do they return cross references having the search term in any portion of the cross reference. This investigation has revealed at least some strategies libraries can adopt to help solve this problem. For example:
1. A keyword query should be sent to the authority file first, returning authorized headings and cross references that inform the searcher of the authorized/controlled vocabulary headings. The sample search "sw=garbage" in the UAlbany OPAC returned the authority index screen, suggesting the appropriate subject headings through cross references and also finding the term within a cross reference. 2. If keyword searches are sent to the authority file, then the user should be presented with the authorized headings first (i.e., index screen with cross references), with an option to continue the search to bibliographic records only. Presenting users with an undifferentiated list of records is not helpful (as in the returns for "w=garbage"). Greenberg (1997, 112) notes that "Perhaps intelligent access to reference structures could even help to resolve a number of the retrieval overload problems associated with keyword searching." A searcher may have no idea why records for "refuse and refuse disposal" are retrieved, for example, when the word searched ("garbage") does not appear in the bibliographic record.
Your Search: W=Garbage
3. If a keyword search were sent to the authority file first, then adding common terms to the authority file as cross references would increase chances of returning more relevant records. Following a suggestion by Micco (1991) , we might use a work's table of contents as a guide to terms that might usefully be added to the authority record as cross references. If, for instance, the keyword "rubbish" were in the table of contents, but not a cross reference on the authority record for the corresponding subject heading, adding it as a cross reference would improve retrieval.
These results raise the question of how much preemptive control OPAC designers should exercise over users' choices when they select a particular search type. For instance, in most OPACs, the default condition for a keyword search is "keyword anywhere." However, the default condition for a subject search is most often a left-anchored phrase search. Even a subject keyword search typically will not access the authority file. Hence, one kind of strategy consistent with the findings of this paper would be to redefine a keyword search as a subject keyword search including access to the authority file. The user does not need to know this; this approach, in most cases, will improve both precision and recall.
In an era of patron empowerment, this may not be a popular move, but at least for the naive user, it may initially provide the most useful results. Experienced users can always opt for more advanced techniques.
Increasingly sophisticated search and retrieval software, together with complex bibliographic record structures, offer the possibility of significant improvement in the performance of subject searches in online library catalogs. But this will not happen unless we take an innovative approach to exploiting the controlled indexing and searching capabilities of the next generation of integrated library systems. We already know what some of these strategies might look like. We may not be able to reduce the incidence of garbage in, but we can certainly reduce the incidence of garbage out.
